The Proterozoic gneisses of the Western Gneiss Region (WGR) of western Norway experienced HP^UHP metamorphism during the 435^390 Ma Caledonian (Scandian) orogeny, and locally enclose numerous large bodies of Archean peridotite. Competing models for the emplacement of these peridotites into the gneisses involve either (1) upthrusting of subcontinental mantle into overlying gneisses or (2) ' sinking emplacement' of peridotites from the Laurentian mantle wedge into the upper surface of the subducting Baltica plate. The first model implies the existence of Archean lower crust below the outcropping gneisses. To evaluate these models we have carried out a regional survey of the U^Pb age, Hf isotope composition and trace-element compositions of detrital zircon grains collected from drainages in the northern half of the WGR.The zircon data indicate that the gneisses that make up the crust of the WGR were originally generated during the 1·7^1·5 Ga Gothian orogeny. The Hf isotope signatures of these zircons indicate a juvenile (i.e. mantle) origin; there is no evidence, from either inherited zircons or the Hf isotope data, that Archean crustal materials were involved in the genesis of these gneisses. The Sveconorwegian orogeny (1·3 to 51·0 Ga) that overprinted the Gothian gneisses involved both juvenile magmatic additions to the crust and remelting of the Gothian basement; these Sveconorwegian-age magmas also show no evidence of Archean contributions. A population of zircons collected from a drainage area containing large mantle-derived peridotite bodies includes anhedral to rounded grains with distinctive trace-element patterns consistent with derivation from depleted rocks; these are inferred to be derived from the peridotites and/or their enclosed eclogites and pyroxenites. These zircons give Archean Hf model ages, but 207 Pb/ 206 Pb ages ranging from Archean to Caledonian, suggesting that the younger ages reflect resetting during later thermal events. The Archean zircon ages are consistent with Archean Re^Os model ages previously obtained on the peridotites. In the absence of any evidence for Archean crust (and hence Archean mantle) beneath southern Baltica, we infer that the peridotite massifs represent fragments of the subcontinental lithosphere beneath Laurentia, and were introduced tectonically into the gneisses during the Caledonian subduction of Baltica beneath Laurentia.
The Proterozoic gneisses of the Western Gneiss Region (WGR) of western Norway experienced HP^UHP metamorphism during the 435^390 Ma Caledonian (Scandian) orogeny, and locally enclose numerous large bodies of Archean peridotite. Competing models for the emplacement of these peridotites into the gneisses involve either (1) upthrusting of subcontinental mantle into overlying gneisses or (2) ' sinking emplacement' of peridotites from the Laurentian mantle wedge into the upper surface of the subducting Baltica plate. The first model implies the existence of Archean lower crust below the outcropping gneisses. To evaluate these models we have carried out a regional survey of the U^Pb age, Hf isotope composition and trace-element compositions of detrital zircon grains collected from drainages in the northern half of the WGR.The zircon data indicate that the gneisses that make up the crust of the WGR were originally generated during the 1·7^1·5 Ga Gothian orogeny. The Hf isotope signatures of these zircons indicate a juvenile (i.e. mantle) origin; there is no evidence, from either inherited zircons or the Hf isotope data, that Archean crustal materials were involved in the genesis of these gneisses. The Sveconorwegian orogeny (1·3 to 51·0 Ga) that overprinted the Gothian gneisses involved both juvenile magmatic additions to the crust and remelting of the Gothian basement; these Sveconorwegian-age magmas also show no evidence of Archean contributions. A population of zircons collected from a drainage area containing large mantle-derived peridotite bodies includes anhedral to rounded grains with distinctive trace-element patterns consistent with derivation from depleted rocks; these are inferred to be derived from the peridotites and/or their enclosed eclogites and pyroxenites. These zircons give Archean Hf model ages, but 207 Pb/ 206 Pb ages ranging from Archean to Caledonian, suggesting that the younger ages reflect resetting during later thermal events. The Archean zircon ages are consistent with Archean Re^Os model ages previously obtained on the peridotites. In the absence of any evidence for Archean crust (and hence Archean mantle) beneath southern Baltica, we infer that the peridotite massifs represent fragments of the subcontinental lithosphere beneath Laurentia, and were introduced tectonically into the gneisses during the Caledonian subduction of Baltica beneath Laurentia.
and their host-rocks raises the question of how the peridotites were emplaced into the gneisses. If the peridotites were thrust up from an underlying mantle of Archean age, we might expect there would be Archean lower crust somewhere in the WGR, which has not yet been recognized. An alternative is that the peridotites represent fragments of the Laurentian lithospheric mantle, which is at least partially of Archean age (Thrane, 2002; Higgens et al., 2004; Waldron et al., 2008) . These fragments could have been scraped off the base of the Laurentian mantle wedge by the gneisses as Baltica was thrust under Laurentia to produce the well-known Caledonian highpressure^ultrahigh-pressure (HP^UHP) metamorphism within the WGR.
This problem has prompted a geochronological and isotopic study of detrital zircons derived from the WGR gneisses and associated rock types, to determine if there is any evidence of an Archean component to the crust in this part of the Baltic Shield. Although it is possible that Archean crust might have been present but was overprinted by later metamorphic events, it is unlikely that zircons within these rocks would have lost all evidence for this ancient origin. We have used GEMOC's TerraneChron Õ approach, which is based on the integrated in situ analysis of zircons (in this case detrital) for U^Pb age, Hf-isotope composition and trace-element patterns. This approach has proven valuable for studies of crustal evolution (e.g. Belousova et al., 2009 Belousova et al., , 2010 and can be readily applied to give a broad picture of crustal evolution in tectonically complex areas such as western Norway.
R E G I O NA L S E T T I N G
The Scandinavian Caledonides form a 1000 km long mountain system composed of nappe units (i.e. the lower, middle, upper and uppermost allochthons, Fig. 1 ) that were assembled into a single linear orogenic belt during the 435^390 Ma Scandian Orogeny, which accompanied the final closure of the Iapetus Ocean (Roberts & Gee, 1985; Stephens & Gee, 1989; Roberts, 2003; Brueckner & Van Roermund, 2004; Spengler et al., 2009) . During this terminating collision the nappes were thrust, or re-thrust, toward the east or SE (present coordinates) over the crystalline rocks of the Baltic Shield, consistent with a geometry in which the western continent (Laurentia) overthrust the eastern continent (Baltica; Cuthbert et al., 1983; Harley & Carswell, 1995) .
The WGR of western Norway lies beneath the nappes and is generally interpreted to have been part of the western edge of Baltica during this collision. The WGR contains hundreds of bodies of HP^UHP eclogites and other eclogite-facies rocks, including garnet peridotites. Most of the eclogites, as well as the host gneisses, give recrystallization ages of 425^390 Ma by Rb^Sr, Sm^Nd and Lu^Hf mineral isochrons (Brueckner, 1972 (Brueckner, , 1979 Griffin & Brueckner, 1980 Mearns & Lappin, 1982; MÖrk & Mearns, 1986; Jamtveit et al., 1991; Carswell et al., 2003a; Kylander-Clark et al., 2007; Peterman et al., 2009) , by 40 Ar^3 9 Ar (Root et al., 2004 (Root et al., , 2005 Walsh & Hacker, 2004; Walsh et al., 2007) and by U^Pb in zircon and rutile (Gebauer et al., 1985; Carswell et al., 2003b; Krogh et al., 2003; Root et al., 2004; Kylander-Clark et al., 2008) . All of these data indicate that the HP^UHP metamorphism occurred during the Scandian Orogeny. The model that best explains the HP^UHP conditions and an apparent SE to NW increase in metamorphic grade ( Fig. 1 ; Krogh, 1977; Cuthbert et al., 2000; Root et al., 2005) is that the WGR was subducted deeply into the mantle beneath Laurentia during collision, with the depth of subduction increasing towards the NW (Andersen et al., 1991 (Andersen et al., , 2001 1998; Brueckner & Van Roermund, 2004; Hacker et al., 2010) .
The metamorphic rocks that make up the WGR and host the eclogites are mostly orthogneiss and paragneiss. Age determinations by Rb^Sr whole-rock methods (Brueckner, 1972) and U^Pb in zircon (Tucker et al., 1987 (Tucker et al., , 1990 (Tucker et al., , 1992 Austrheim et al., 2003; SkÔr & Pedersen, 2003; Root et al., 2004 Root et al., , 2005 Young et al., 2007) suggest that the bulk of the orthogneiss was generated by magmatism (AEmetamorphism?) during two major Proterozoic tectonic cycles; the Gothian (1·7^1·5 Ga) and Sveconorwegian (1·2^0·9 Ga); groups of U^Pb zircon ages also appear at c. 1455 and c. 1250 Ma. A single zircon from a metapelite gave an age of c. 2·1Ga (Walsh et al., 2007) , making it the oldest zircon that we know of in the WGR.
Locally, the WGR contains strips of paragneisses, metasedimentary rocks (quartzites, marbles, aluminous schists) and mafic meta-igneous rocks (anorthosites, amphibolites, hornblende schists) that can be traced for hundreds of meters to several tens of kilometers. The origins of these rocks are debated, but there appears to be a growing consensus that many of these units are fragments of the nappes described above, which were accreted onto Baltica early in the Caledonian orogenic cycle (Brueckner & Van Roermund, 2004; Brueckner, 2006; Walsh et al., 2007) and then re-deformed and re-metamorphosed ('Caledonized') during the final Scandian subduction. Thus far, with the single 2·1Ga exception noted above, none of the country rocks from the WGR, or from the adjacent Precambrian shield of southern Norway or SW Sweden, have yielded dates earlier than c. 1·85 Ga. It appears that all rocks from the southwestern corner of the Baltic shield were generated from the mid-Proterozoic to the mid-Paleozoic.
Minor but important constituents of the WGR are hundreds of mantle-derived ('orogenic type') peridotite bodies (Fig. 1) ; at least 17 of these bodies contain garnetbearing assemblages, some spectacularly fresh and coarse grained (Eskola, 1921; Medaris, 1984; Carswell, 1986; Medaris & Carswell, 1990; Brueckner et al., 2010 ).
The collisional geometry described above provides a geometrically simple way of introducing these peridotite bodies into the gneisses of the WGR from the upper-mantle wedge above the subducted edge of Baltica (Brueckner, 1998) . The garnetiferous assemblages have been dated by Sm^Nd and to a lesser extent by Lu^Hf mineral isochrons and give ages that stretch from c. 1·8 Ga to the Caledonian, with significant age clusters at c. 1·8, 1·0 and 0·43 Ga (Mearns, 1986; Jamtveit et al., 1991; Brueckner et al., 1996 Brueckner et al., , 2002 Brueckner et al., , 2010 Spengler et al., 2006 Spengler et al., , 2009 . These ages are similar to ages in the enclosing gneisses.
However, unlike the enclosing gneisses, these ultramafic rocks also preserve evidence of an evolution in the mantle that stretches back into the Archean. Re^Os dating of sulfides and whole-rock samples from the peridotites gives Archean model ages of c. 2·9^3·2 Ga (Brueckner et al., 2002; Beyer et al., 2004) . These ages support ambiguous evidence for an Archean evolution obtained earlier by Lu^Hf and Sm^Nd studies of the garnet peridotites Lapen et al., 2005 Lapen et al., , 2009 Brueckner et al., 2010) and garnet megacrysts within the peridotites (Spengler et al., 2006) . The apparent dilemma posed by these pre-Baltic Shield ages can be resolved if (1) the rocks of the SW Baltic Shield, and particularly of the WGR, contain Archean rocks (for example, in the deep crust) that have not yet been dated, or (2) the peridotites are exotic rocks that were derived not from beneath the Baltic Shield, but from beneath the Laurentian Shield (Beyer et al., 2006) , which has rocks of Archean age exposed at or near the east coast of Greenland.
S A M P L I N G
Samples were taken from drainage systems representing different portions of the WGR; one sample (Area 3, Fig. 1 ) may contain material from the adjacent allochthons. All known peridotite bodies occur north of Nordfjord and so sampling was restricted to drainage systems north of this fjord (Fig. 1) . This sampling procedure assumes that the zircons were derived from lithologies within the drainage system and offers a reconnaissance method for dating magmatic and metamorphic events within terranes. The WGR has been heavily glaciated and it is natural to suspect that at least some zircons were transported long distances from other terranes and deposited with glacial till that was subsequently eroded. Although our results suggest that most zircons were locally derived, there remains the possibility that some were derived from adjacent drainage systems but give similar dates to those within the drainage system. These considerations are discussed further below.
Samples were taken from eight drainage systems, selected to provide a wide coverage of the northern portion of the WGR (Fig. 1, Table 1 ). Some desirable but steep drainages could not be sampled because the streams carry very little sand. Samples were collected where the trunk river of each drainage enters the sea (fjord) unless otherwise noted. Krogh, 1977, with additional data) . The increasing T (and P) toward the coast should be noted; most of the UHP eclogites are found near, or west of, the 8008C isotherm. Open circles, small peridotite bodies; filled circles, localities with garnet peridotites. Almklovdalen peridotite bodies (areas 12 and 13) are omitted for clarity. Inset: tectonic reconstruction of the positions of Laurentia and Baltica c. 450 Myr ago (after Waldron et al., 2008) ; SU, position of the Southern Uplands terrane studied by Waldron et al. (2008) .
Sample N04-03 represents the large area drained by the Driva river. This drainage system reaches eastward into the Trondheim Basin and therefore samples the allochthonous units that occur there, as well as much of the northernmost WGR.
Sample N04-07 drains a north^south traverse from the lookout at the top of the Trollstigen road down to Valldal. The rocks are largely monotonous gneisses of the Jostedal Complex (i.e. parautochthonous Western Gneiss Complex; Bryhni & Grimstad, 1970) .
Sample N04-08, collected just east of Hellesylt, represents an ENE^WSW cross-section that drains mostly gneisses of the Jostedal Complex. Sample N04-17 is from a roughly north^south drainage system that flows into Austefjord; like samples N04-07 and N04-08, it mostly samples the Jostedal Complex. Sample N04-09 was collected roughly halfway up a small river within a drainage system that flows south into Nordfjord, but unlike the eclogite-poor traverses to the east (i.e. N04-07 and N04-08) this drainage contains abundant eclogite as well as anorthosite, paragneiss, and mangerite (Young et al., 2007) . Similarly, sample N04-10 is from a stream that flows through an area with UHP eclogites and a large monzonite intrusion on the Stadlandet Peninsula.
Sample N04-18 was collected from the island of Runde off the coast south of -lesund, within another UHP terrane interpreted to be allochthonous relative to the WGR basement; the exposed area consists largely of orthogneisses (Root et al., 2005) . The allochthonous rocks include quartzite, marble, calc-silicate gneiss, kyanite schist, augen gneiss, amphibolite and garnet-free peridotite, in addition to the UHP eclogites. This terrane thus is more heterogeneous than those represented by the other samples. Lithologically, it is very similar to the Fjordane Complex (Bryhni & Grimstad, 1970) . There are no significant streams on these islands so sand was collected from a beach on the east side of the island.
Samples N04-12 and N04-13 were collected from the small -heim river, which flows through the large Almklovdalen peridotite body with its spectacular outcrops of garnet peridotite, garnet pyroxenite (Medaris, 1984; Osland, 1997) , and 'internal' eclogites (i.e. eclogites that occur within the peridotite; Griffin & Qvale, 1985) . The dominant garnet-free peridotite consists of exceptionally fresh dunite and harzburgite (Osland, 1997; Beyer et al., 2006) and is extensively quarried for refractory material. The enclosing rocks are heterogeneous orthogneiss, paragneiss and anorthosite, and 'external' eclogites occur within the gneisses. The N04-13 site is upstream from the quarries, but downstream from a small tributary with headwaters within the Lien garnet peridotite at Helgehornsvatn (Medaris, 1984) , so some of the zircons have probably been derived from these outcrops. The sediments downstream of the main body (N04-12) were collected where the stream enters a lake (Gusdalvatn). These sediments contained abundant olivine and chromite derived from quarries upstream and offered the opportunity to sample zircons that may have been liberated from the peridotite during erosion and mining.
M E T H O D S
The samples are heavy-mineral concentrates sieved or panned from river and stream sediments. Further concentration of these heavy minerals was carried out using a Wilfley table and heavy media separation. Zircons (100^150 grains per sample) were handpicked to provide a representative sampling of morphological populations as observed in the binocular microscope. Selected zircons from each sample were mounted in epoxy discs, which were then polished to expose the grains for analysis. A Camebax SX50 electron microprobe (EMP) was used to collect back-scattered electron (BSE) or cathololuminescence (CL) images of the zircons and was also used to analyse the zircons for Si, Zr, Hf, Y, U and Th.
U^Pb dating of 50^65 grains from each sample was performed by laser ablation microprobe^inductively coupled plasma mass spectrometry (LAM-ICP-MS) using an HP 4500 series 300 ICP quadrupole MS system, attached to a New Wave 213 nm Nd:YAG laser; ablations were carried out in He. The analytical procedures for the U^Pb dating have been described in detail by Jackson et al. (2004) . The GEMOC GJ-1 zircon was used as the primary standard, and zircon standards 91500 and Mud Tank were analyzed with each sample run as controls on precision and accuracy (in-run standard data for each sample are given as Supplementary Data, available for downloading at http://www.petrology.oxfordjournals.org). Single U^Pb ages were calculated from the raw signal data using the software package GLITTER . 204 Pb to correct for common Pb, therefore was employed for this correction; grains requiring 42% correction were rejected. U and Th concentrations were calculated using the GEMOC GJ-1 zircon as an external standard.
The uncertainty calculations in the GLITTER software are based on standard uncertainty-propagation methods, with the assumption that raw data from the ICP-MS obey Poisson statistics. The uncertainty on standard values (in this case the well-characterized GJ-1 garnet) is set at 1%. The variance on total counts (T) in the integration interval is thus T, and the standard deviation isˇT. This variance is propagated to the mean count rate (m ¼T/n, where n is the number of replicates in the integration interval), such that the variance in m is T/n 2 . The standard deviation on m is then (ˇT)/n. These variances are then propagated through all the subsequent equations using standard uncertainty-propagation methods, along with corrections for drift and yield.
Hf-isotope analyses were carried out in situ by LAM-ICP-MS using a New Wave Research LUV213 laserablation microprobe attached to a Nu Plasma multicollector ICP-MS system. The analytical methods, and extensive data on the analysis of standard solutions and zircons, have been discussed in detail by Griffin et al. (2000 Griffin et al. ( , 2002 . Concentrations of Lu and Yb were calculated from the Lu/Hf and Yb/Hf count-rate ratios collected during the Hf-isotope analysis, and known Hf concentrations from the EMP analysis. Two types of model ages can be calculated from the Hf-isotope data. T DM model ages are calculated using the measured 176 Lu/ 177 Hf of the zircon grain, and give a minimum age for a potential juvenile source of the host magmatic rock. A more realistic 'crustal model age' (T C DM ) can be calculated assuming that the source of the magma had the 176 Lu/ 177 Hf of the average continental crust (0·015; Griffin et al., 2000) . All calculations given here use the 176 Lu decay constant of Scherer et al. (2001) .
The data collection routine is not dependent on a standard, but the Mud Tank standard zircon was analyzed several times with each sample as a control on precision and accuracy. Thirty-nine analyses gave a mean 176 Hf/ 177 Hf ¼ 0·282515 AE 50 (2SD); this is identical within error to the long-term average (n ¼ 2335) for this standard in the GEMOC laboratory (0·282522 AE 42; Griffin et al., 2007) .
The zircons collected from drainages that tapped the Almklovdalen peridotite body (N04-12 and N04-13) were analyzed for trace elements because of their anomalously old ages (see below). Full trace-element data were collected for zircons from sample N04-12 during the U^Pb analysis, whereas the trace-element analyses of zircons from sample N04-13 were carried out in a separate ablation run, using a custom-built 266 nm Nd:YAG laser-ablation microsampling system attached to an Agilent 7500 ICP-MS system; ablations were carried out in He. In each case, the NIST-610 glass was used as the external standard, and Hf (measured by EMP) as the internal standard.
Rock-type analysis of zircons is based on a CART tree (similar to a botanical key) with a series of switches based on the levels of single elements or ratios (Belousova et al., 2002) . The 'short tree' was used for zircons from most of the drainage systems and is based on the trace elements (Hf, Y, U, Th, Lu, Yb) collected during the standard EMP, U^Pb and Hf-isotope analyses. This tree has been found to work well as a broad guide to rock composition (e.g. Belousova et al., 2009) , but the range of variability in zircon composition even within single rock samples means that the results must be interpreted carefully. Furthermore, rock types that were not represented in the database used to construct the discriminant tree must inevitably be misclassified. Nevertheless, as will be shown below, this approach can flag zircons that are derived from unusual rock types, such as ultramafic complexes. The 'long tree' of Belousova et al. (2002) , which uses the rare earth elements (REE) in addition to Hf, Y, U, Th, Lu and Yb to discriminate rock types, was employed to classify the anomalously old zircons from samples N04-12 and N04-13, to take advantage of the full trace-element analyses carried out on these zircons.
Z I RC O N M O R P H O L O GY
The zircons in most WGR samples are clear grains that are sometimes colourless but more commonly are pale pink to pale orange. These grains are generally subhedral to euhedral in shape and vary in length from 50 to 250 mm (see Supplementary Data, Appendix 1). Rare grains 4700 mm in length occur in most samples and commonly show some degree of rounding, indicative of either a protracted history for the zircon or long transport distances in rivers. These zircons are typically clear and either colourless or pink^orange. One sample (N04-10) contains a small population of yellow zircons that are subhedral to euhedral in shape and 4150 mm in length. Oscillatory zoning was observed in many WGR zircons, although it is rarely well developed. Samples N04-12 and N04-13 contain a high proportion of grains that are essentially round (anhedral to subhedral) with variable development of facets, and uniform internal structures.
R E S U LT S
Zircon data (Table 2 and Supplementary Data, Appendix 2) are presented in figures as concordia plots (Fig. 2 Fig. 4 and Supplementary Data) and as eHf t vs age (Fig. 5) . Data points in Figs 4 and 5 are labeled according to rock type. The zircon ages show the WGR to be a complex terrane with two major periods of tectonothermal activity (Mesoproterozoic and Neoproterozoic), overprinted by Caledonian HP^UHP metamorphism. Archean ages occur only in drainage systems that contain peridotite bodies. As a result of this multiple overprinting, most zircons show varying degrees of discordance but simple linear discordia arrays are rare.
Fortunately, Hf-isotope data are invaluable for bringing order to an apparently chaotic distribution of U^Pb ages characterized by poorly defined discordia lines. The systematics of U^Pb/Hf isotope data in magmatic and metamorphosed zircon have been discussed in detail by Amelin et al. (2000) . A similar investigation was carried out on mantle zircons from eclogitic xenoliths by Schmidberger et al. (2005) . Both studies pointed out that the diffusion rates of Lu and Hf in the zircon lattice are extremely slow under any geologically reasonable conditions, even at high temperatures, making it difficult to reset the Hf-isotope composition of a zircon. Mass-balance considerations add a further constraint, as in most rocks essentially all of the Hf in the rock is locked in zircon. Hence interaction of the zircon with the Hf-poor matrix during metamorphic events can produce little change in the 176 Hf/ 177 Hf of the zircon. An elegant illustration of this principle has been provided by Lauri et al. (2011) , who showed that 3·7 Ga magmatic zircons in rocks metamorphosed to granulite facies at 2·7 Ga experienced variable to complete resetting of their U^Pb ages, but no change in their Hf-isotope ratios.
Therefore a plot of U^Pb age vs Hf-isotope composition ( 176 Hf/ 177 Hf i ) will show that zircons that have undergone non-zero Pb loss (i.e. those lying on discordia with lower intercepts 40) will scatter along horizontal trends extending from their 'real'ages toward the younger (but meaningless) 207 Pb/ 206 Pb ages, at constant 176 Hf/ 177 Hf (Fig. 4) . This aspect of the systematics makes Hf isotope analysis an invaluable adjunct to U^Pb dating, especially in complex terrains (e.g. Amelin et al., 2000) . Therefore the discussion of the results given here does not follow the conventional sequential presentation of the various types of data, but focuses on the integrated interpretation of the datasets from each sample, as summarized in Figs 4 and 5.
N04-03 (SundalsÖra)
The analyzed zircons mainly scatter along the concordia (Fig. 2a) ; only a few grains are significantly discordant. The probability-density plot of concordant ages (Fig. 3a) shows a major peak at 1·65 Ga, and a scatter of ages to as young as c. 900 Ma. The plot of 176 Hf/ 177 Hf i vs age (Fig. 4a ) resolves these data into two populations, each showing some non-zero Pb loss. The older population centers on ages of 1·65^1·79 Ga, with eHf t ¼ þ3 to þ10 (Fig. 5a ), but includes a few grains as young as 950 Ma. The oldest grains in the younger population have ages of 1·28^1·31Ma, and eHf t ¼ þ5 to þ8; reset ages extend to as young as 900 Ma. The lower eHf t values for apparently younger grains from each population reflect the resetting of the U^Pb system; thus only the maximum values, in the oldest grains of each population, represent the original 
N04-07 (Valldal)
Most of the data points are concordant, with 207 Pb/ 206 Pb ages of 1·6^1·7 Ga or 900^1000 Ma (Fig. 2b) ; however, a significant proportion scatters around a poorly defined discordia line between 1·65 and 1·0 Ga. The probabilitydensity plot (Fig. 3b ) of the concordant data shows two major peaks between 1·6 and 1·7 Ga, and a broad scatter to younger ages. The 176 Hf/ 177 Hf i^a ge plot (Fig. 4b) resolves these data into an older population centered around 1·68 Ga; non-zero Pb loss is apparent in the horizontal distribution of data points, with one grain reset to 830 Ma. The younger population, with eHf t ¼ À1 to À2·5, contains only four grains, all derived from mafic sources (open diamonds); the oldest is 1·0 Ga. One grain at 1·11Ga could belong to either population. The older population, with eHf t ¼ þ4 to þ6 (one grain at eHf t ¼ þ11; Fig. 5b ), contains zircons typical of a range of granitoids (circles and triangles) and mafic rocks. There was some resetting by the Caledonian orogeny but it appears to be relatively minimal in this terrane. One zircon with an apparent UP b age of 2·2 Ga falls well below the others (eHf t ¼ À13, Fig. 5b ) and has an Archean model age. Data from other samples (see below) suggest that this zircon may have been derived from a large peridotite body (Trollkirke locality) that occurs in the Valldal drainage.
N04-08 (Hellesylt)
A large population of grains is concordant with ages of 850^1050 Ma (Fig. 2c) ; a tail of discordant grains extends from this cluster toward younger ages. A few more discordant analyses give Mesoproterozoic ages; three of these represent cores in grains whose rims fall in the younger population. One Caledonian age (400 Ma) was obtained from the rim of a grain whose core gives an age of 1·58 Ga. The probability-density plot (Fig. 3c) shows a major Neoproterozoic peak (885 Ma). In the 176 Hf/ 177 Hf iâ ge plot (Fig. 4c ) the younger population shows significant non-zero Pb loss, suggesting that the real age of the population is 930^950 Ma, with eHf t ¼ À2 to À4·5 (Fig. 5c) . The older population is at least 1·58 Ga in age, with more juvenile Hf (eHf t ¼ À5 to þ8). Each population contains zircons typical of a range of rock types, ranging from mafic to felsic. Two analyses of one grain with an apparent age of 916 Ma have eHf t ¼ À34 (not shown) and À44, corresponding to a T DM of 2·7^3·0 Ga.
N04-09 (Nordfjord)
Most grains scatter along concordia (Fig. 2d) , with clusters at 1·5^1·7 Ga, and 1·1^1·2 Ga and c. 1·0 Ga. Many of the discordant grains scatter about lines extending from c. 1·6 Ga toward 1·0 Ga and from c. 1·6 Ga toward 400 Ma; there is a weaker trend between 1·2 Ga and 400 Ma. The probability-density plot (Fig. 3d) shows a wide range of ages, with peaks in the Mesoproterozoic and Neoproterozoic. The 176 Hf/ 177 Hf i^a ge plot (Fig. 4d ) resolves these confusing data into two distinct trails of points; one originates in a cluster at c. 1·63 Ga (eHf t ¼ þ1·5 to þ4; Fig. 5d ) and the other in a cluster at c. 1·2 Ga (eHf t ¼ þ2·5 to À2·5). Both trails extend toward but do not reach Caledonian ages. The older cluster contains zircons typical of a range of granitoids, whereas the younger cluster is dominated by grains typical of low-Si granitoids and mafic rocks. One grain with a 207 Pb/ 206 Pb age of 1·6 Ga has unusually low eHf t (À45) corresponding to a T DM of 3·8 Ga. A few small peridotite bodies occur in this drainage system.
N04-10 (Stadtlandet)
Most of the grains in this sample are concordant or near-concordant, with a cluster near 1·6 Ga (Fig. 2e) ; only a few discordant grains scatter toward c. 1·0 Ga and 400 Ma. The probability-density plot (Fig. 3e) shows a major peak at 1·6 Ga. The 176 Hf/ 177 Hf i^a ge plot (Fig. 4e ) shows a single population with a probable age of 1·641 ·67 Ga, related by non-zero Pb loss to one grain reset to c. 830 Ma. The sample is dominated by zircons typical of high-Si granitoids (open triangles), with eHf t ¼ 0 to þ4 (Fig. 5e) , and it appears likely that this represents a body of 'rapakivi granite' mapped in this drainage. No peridotite bodies are known in this Stadtlandet drainage system.
N04-12 and N04-13 (Almklovdalen)
The zircons from the drainage system that includes the large Almklovdalen peridotite complex show more complicated patterns than those in any of the other drainages. The concordant grains in these two samples occur in clusters around 2·7 Ga, 1·5^1·7 Ga and 0·9^1·1Ga (Fig. 2f) . This drainage system appears to be unique in having several concordant grains with Archean U^Pb ages. Most of the discordant grains lie inside envelopes defined by discordia lines from 2·8 to 0·4 Ga and from 1·6 to 0·4 Ga. The probability-density plot (Fig. 3f) shows a wide scatter of ages from 2·8 to 0·4 Ga with prominent peaks around 0·9, 1·5 and 1·6 Ga. However, the 176 Hf/ 177 Hf i^a ge plot (Fig. 4f ) resolves these data into three populations with distinct Hf-isotope compositions. One extends from 2·8 Ga to 380 Ma; the second extends from 1·6 to 1·2 Ga, and possibly to 735 Ma; the third extends from 1·1^1·3 Ga to 515 Ma. These three horizontal trends reflect non-zero Pb loss from grains in each population, and imply that the real ages of all of the grains in each population are given either by the oldest ages or by their maximum model ages (up to 3·2 Ga, assuming derivation from a depleted source). The resetting of the U^Pb system in the older grains was accompanied by the local development of overgrowths (Supplementary Data, Appendix 1). Some grains in the Neoproterozoic population have Caledonian rims; grains in the Mesoproterozoic population may have rims that are either Neoproterozoic or Caledonian. In most cases these younger rims have only marginally higher 176 Hf/ 177 Hf than the cores, implying low bulk Lu/Hf and hence limited growth in 176 Hf/ 177 Hf through time in the rock that hosted the zircons. These patterns also demonstrate once again that in general, the Hf-isotope compositions of the older grains are not reset during the later events. Only two grains in the Archean population have Palaeoproterozoic rims with significantly higher 176 Hf/ 177 Hf than the cores, suggesting that the host-rock had a high bulk-rock Lu/Hf, as would be expected if it contained abundant garnet.
The oldest grains in each population have relatively juvenile Hf-isotope compositions ( Fig. 5f ): eHf t ¼ 0 to þ3 (Archean), þ1 to þ8 (Mesoproterozoic) and þ1 to þ6 (Neoproterozoic), respectively. The large apparent negative eHf t values of zircons with younger U^Pb ages (down to À50) are artefacts, reflecting the resetting of U^Pb ages without resetting of the Hf-isotope compositions. The T DM of grains in the Archean population ranges from 2·7 to 3·2 Ga. This Archean population contains a high proportion of zircons with unusual trace-element patterns, characteristic of zircons from carbonatites (12 grains, filled squares) and kimberlites (five grains, filled circles) although some are classified as derived from low-Si granitoids ( 
N04-17 (Austefjord)
About half of the grains in this sample are concordant or near-concordant, with clusters around 1·65 and 1·1Ga (Fig. 2g) ; discordant grains lie near lines extending from c. 1·6 Ga toward 1·0 Ga and 400 Ma. The probability-density plot (Fig. 3g) shows a major peak at c. 1·62 Ga, and a wide scatter of ages to as young as 400 Ma. The data in the 176 Hf/ 177 Hf i^a ge plot (Fig. 4g ) once again resolve into two major populations, one extending from 1·64^1·68 Ga (eHf t ¼ þ3 to þ9; Fig. 5g Hf, corresponding to eHf t from À41 to À54, and T DM ¼ 3·3^4·2 Ga; these are probably Archean grains that have undergone significant non-zero Pb loss. Both the 1·64^1·68 Ga population and the 1·1^1·2 Ga population contain zircons typical of a range of felsic to mafic rocks. Peridotite bodies are known to occur in this drainage.
N04-18 (Runde)
Most of the concordant or near-concordant grains in this sample cluster around 950 Ma (Fig. 2h) ; the discordant grains scatter about a line between this cluster and c. 1·8 Ga, and a line between c. 950 and 400 Ma. The probability-density plot of the U^Pb ages (Fig. 3h) shows a double peak between 900 and 950 Ma and a scattering of older ages from 1·5 to 1·9 Ga. In the 176 Hf/ 177 Hf i^a ge plot (Fig. 4h) , there is a well-defined younger cluster extending from 940^955 Ma (eHf t ¼ À2 to À4·5; Fig. 5h ) to c. 700 Ma. The less well-defined older population gives ages of 1·62^1·73 Ma (eHf t ¼ À0·5 to þ2) and appears to trend towards c. 950 Ma. The older population contains zircons typical of a range of granitoids (circles and triangles); the younger one has a high proportion of zircons typical of mafic rocks (open diamonds).
D I S C U S S I O N Tectonothermal history of the WGR
The combined U^Pb age spectrum for all the zircons analyzed in this study from the Western Gneiss Region is very complex (Fig. 6a) , and would be misleading as a sole guide to the tectonothermal history of the region. For example, minor peaks on the spectrum could be interpreted as providing evidence for tectonothermal events between 1·7 and 1·1Ga and between 0·9 and 0·4 Ga. However, the Hf-isotope analyses resolve these data into consistent patterns indicating two major tectonothermal events, corresponding to the Gothian (1·7^1·5 Ga) and Sveconorwegian (1·3^0·9 Ga; i.e. Grenville) orogenies (Fig. 6b and c) , and successive overprinting of older populations by younger thermal events, ending with the Caledonian orogeny (c. 400 Ma). The oldest grains in each population can be used to constrain the age and eHf of the original magmatic event(s) (see Amelin et al., 2000) .
The Gothian zircon populations show a small regional variation in age, from 1·65^1·7 Ga in the northern part of the area to 1·6^1·65 Ga in the southern part; more detailed work would be required to establish whether this trend is significant. The Gothian ages are consistent with zircon ages obtained from both the northern WGR (Tucker et al., 1987) and the central and southern WGR (Tucker et al., 1992) . The Gothian populations have mean eHf t ¼ þ2 to þ5, and T C DM model ages of 2·0^2·1Ga. These values suggest that the magmatic rocks were derived from protoliths with a 5400 Myr crustal prehistory, or represent a wellhomogenized mixture of crustal and juvenile components, such as may be found in some continental-margin arc settings or in continental collisional zones where the subducted continental crust melts and mixes with the overlying mantle wedge (Brueckner, 2009) . Tucker et al. (1987) found no Sveconorwegian-age zircons from the northern part of the WGR (north of Storfjord). Subsequently, Tucker et al. (1992) obtained Sveconorwegian and Gothian ages from zircons in the central and southern portions of the WGR. Their results verified an earlier proposal (Brueckner, 1979) , based on Rb^Sr isochrons, that there is a major boundary separating mixed Gothian and Sveconorwegian rocks to the south and Gothian-only rocks to the north. Our results are generally consistent with the existence of this boundary; however, we have obtained some Sveconorwegian ages in zircons from SundalsÖra (N04-03) and Valldal (N04-07). Four Sveconorwegian-age zircons from Valldal have geochemical signatures appropriate for mafic rocks, as do several of those from SundalsÖra. These data suggest that the Gothian crust of the WGR north of Storfjord was intruded by mafic magmas, but not by voluminous granitoid melts. It is ambiguous whether or not Sveconorwegian metamorphic recrystallization reset Gothian zircons, as the Pb loss could also have occurred during the Caledonian Orogeny, as indicated by Caledonian ages on titanites from the area (Tucker et al., 1987; Kylander-Clark et al., 2008) .
The Sveconorwegian (Grenville)-age rocks can be divided into three groups. The oldest group (Fig. 6b) gives ages of 1·1^1·2 Ga, and is relatively juvenile, with eHf t ¼ þ2 to þ6, and T C DM model ages of 1·5^2·0 Ga. The most juvenile part of this population cannot be derived from the Gothian rocks alone, if the Gothian crust was similar in composition to average continental crust; it suggests a juvenile (i.e. mantle-derived) component as well. This group has been identified in samples N04-09, -13 and -17, all from the Nordfjord^Voldsfjord area in the southern part of the area sampled (Fig. 1) .
A second younger group (Fig. 6c) gives maximum U^Pb ages51Ga, and has a mean eHf t 50. T C DM model ages for most of this group are 1·9^2·1Ga, similar to those from the Gothian rocks, indicating that they could have been derived by simply remelting the Gothian crust. However, as in the older group, some Hf-isotope compositions suggest the presence of a juvenile component as well. This younger group of Sveconorwegian-aged rocks has been identified in samples N04-07, -8 and -18, all NE of Voldsfjord (Fig. 1) .
The third group of Sveconorwegian-age zircons is found only in sample N04-03, from the SundalsÖra drainage in the NE part of the sampled area. It gives maximum ages of c. 1·3 Ga (Fig. 2a) and has a distinctly juvenile signature (mean eHf t ¼ þ4, T C DM ¼1·7 Ga). It is probable that these zircons are derived from units of the higher nappes within the Trondheim Basin drainage, some of which are of oceanic affinity and were derived outboard to Baltica (the Upper Allochthon) and others of which were derived from the westernmost fringe of Baltica (the Middle Allochthon).
Both the Gothian and the Grenville^Sveconorwegian populations show long 'tails' of younger ages at constant 176 Hf/ 177 Hf (Fig. 4) , indicating Pb loss from the zircons during later thermal events, which did not affect their Hf-isotope compositions. The resetting of the Sveconorwegian populations has produced rare Scandian ages (395 Ma and 410 Ma in sample N04-17), and Scandian (c. 400 Ma) rims were found on both Gothian and Sveconorwegian-age zircons in samples N04-08 and N04-12. However, in most samples the lowest apparent 206 Pb/ 238 U ages in the Sveconorwegian population (as defined by the Hf isotopes) are in the range 500^700 Ma. Zircons in the Gothian populations presumably have been reset during both Sveconorwegian and Caledonian events, but few grains extend to 206 Pb/ 238 U ages5900 Ma. The strong effect of the Sveconorwegian event on the Gothian (and Archean; see below) zircon populations, and the more limited effect of the Caledonian events on both of them, may reflect the different nature of the Sveconorwegian and Caledonian orogenies in this region. The Sveconorwegian orogeny was a high-T, relatively low-P event that produced melting within the crust (Andersen et al., 2001; Andersson et al., 2002; Bingen et al., 2008; Brueckner, 2009) . The degree of Sveconorwegian resetting of Gothian zircons is highest in the areas where the Sveconorwegian populations are older ( Fig. 6b and c) .
In contrast, the Caledonian event was a lower-T, HP to UHP metamorphic event, with limited crustal melting (Cuthbert et al., 2000; Brueckner, 2009; Spengler et al., 2009) . It may be significant that even in samples N04-10 and N04-18, which come from the highest-T, P portion of the Caledonian UHP metamorphic gradient (Fig. 1) , we found no older zircons that were completely reset to Caledonian ages, and no zircons that had grown during the Caledonian event. Across the WGR, titanites give U^Pb ages of 390^400 Ma (Tucker et al., 1992 (Tucker et al., , 2004 Kylander-Clark et al., 2008) ; the temperatures of the Scandian event (700^8508C; Fig. 1 ) apparently were high enough to reset (or grow) titanite, but not high enough to completely reset zircon. Waldron et al. (2008) presented data on detrital zircons from early Paleozoic sandstones in the Southern Uplands terrane of Scotland, which at that time lay on the eastern edge (present-day coordinates) of Laurentia (Fig. 1) . The zircon age distributions are dominated by Archean material, going back to c. 3·6 Ga. The contrast between these populations and those reported in this work emphasizes the contrast in age and origin between the ancient Laurentian block and the juvenile Proterozoic crust of Baltica.
Zircons from Archean ultramafic^mafic complexes
Samples N04-12 and N04-13 (Almklovdalen) contain the only zircons found in this study that give concordant Archean 207 Pb/ 206 Pb ages (Figs 2f and 7a) . The morphology of this population (rounded shapes, lack of internal zoning; Supplementary Data, Appendix 1) suggests that they are largely metamorphic in origin.
A The Hf isotope compositions of these zircons can be projected back (parallel to the x-axis in Fig. 7b ) to derive T DM model ages; these range from 2·5 to 3·2 Ga [mean 2·9 AE 0·2 Ga (2s)], close to the age of the oldest zircons in the population (2·7^2·8 Ga). These ages are consistent with Re^Os ages obtained from the Almklovdalen peridotite. Beyer et al. (2004) reported five whole-rock Re^Os analyses of Almklovdalen dunites with T MA model ages ranging from 2·7 to 3·1Ga. In situ Os-isotope analyses of single sulfide grains from garnet lherzolites gave a major peak in T RD model ages in the range 2·7^3·4 Ga. They also gave a significant peak in T RD model ages at 1·5^1·7 Ga, similar to the inferred age of the Gothian zircon population from samples N04-12 and N04-13.
The zircon data reported here and the Re^Os data (Beyer et al., 2004) thus support one another, and both support the inference that these unusual Archean zircons were derived from the Almklovdalen ultramafic massif. This inference is consistent with their unusual trace-element chemistry, as described above. It is unlikely that these zircons would have been found by conventional whole-rock sampling, but erosion (including large-scale open-cut mining activity) and the alluvial concentration of heavy minerals has allowed the sampling of a large volume of zircon-poor ultramafic to mafic rocks.
Further support for an Archean history for the Almklovdalen peridotite masses is provided by the general tendency for peridotite clinopyroxenes and whole-rocks in the WGR to scatter around best-fit lines with Archean or early Proterozoic ages on Sm^Nd isochron diagrams Lapen et al., 2005 Lapen et al., , 2009 Spengler et al., 2006; Brueckner et al., 2010) . Peridotite whole-rock samples and clinopyroxene separates from the northwestern WGR define a Sm^Nd best-fit line with an age of c. 3·2 Ga, albeit with large scatter (MSWD4100) that is presumably the result of partial re-equilibration during subsequent events (Brueckner et al., 2010) .
Three zircons with Proterozoic apparent ages, but with 176 Hf/ 177 Hf similar to or lower than the Almklovdalen population, were found in sample N04-17 (T DM ¼ 3·3, 3·7, 4·1Ga), one in sample N04-08 (T DM ¼ 2·6 Ga), and two in sample N04-09 (T DM ¼ 2·8, 3·8 Ga). Peridotite bodies occur in each of these drainages, and we suggest that these zircons also were derived from smaller ultramaficm afic complexes, some of which may have preserved older zircons than the Almklovdalen body.
An alternative interpretation is that the Archean zircons are derived from remnant bodies of Archean trondjemitet onalite^granite (TTG)-type gneisses, which occasionally carry zircons with the low heavy REE (HREE) contents typical of the Almklovdalen zircons. This hypothesis requires that TTG gneisses occur only in drainages that also host peridotite bodies, and that they had to contain garnet to account for the low HREE contents of many of the Archean zircons. Such gneisses have not been recognized in the Almklovdalen area, despite detailed mapping by successive generations of geologists.
Metasomatic formation of zircon in mantle peridotites
Further evidence of a derivation from the peridotites is given by the trace-element patterns of zircons with Archean T DM ages from samples N04-12 and N04-13, summarized in Fig. 8 . These are grouped according to their classification using the 'short tree' of Belousova et al. (2002) . They show a wide range of patterns, most with pronounced positive Ce anomalies and some with small negative Eu anomalies. Those with low HREE classify largely as derived from ultramafic rocks (i.e. kimberlites, carbonatites), and those with higher HREE contents and HREE/ LREE (light REE) classify as derived from low-Si granitoids or mafic rocks.
However, this classification scheme was designed only for application to magmatic zircons, whereas these Archean zircons are almost certainly metasomatic or metamorphic, based on their morphology. The classifications can only be taken as emphasizing their unusual trace-element characteristics. For example, those zircons classifying as kimberlitic do so because of low contents of Lu (52·7 ppm) and Hf40·62%, but their relatively high U and Y contents (Table 3 ) distinguish them from typical kimberlitic zircons. Similarly, many of the 'carbonatitic' zircons have higher Y, U or Hf contents than carbonatite zircons analyzed by Belousova et al. (2002) .
The low HREE contents of many of the zircons may reflect derivation from garnet-bearing rocks, in which HREE are sequestered into garnet rather than zircon. Garnet peridotites and pyroxenites as well as internal eclogites are well known within the Almklovdalen body (Eskola, 1921; Medaris, 1980; Medaris & Carswell, 1990; Brueckner et al., 2010) , and reflect the refertilization of the dominant, primary garnet-free dunites and harzburgites (Beyer et al., 2006; Griffin et al., 2008 ; references therein). Zircon grains with higher HREE/LREE may be derived from the dominant garnet-free rocks, including the dunites. Beyer et al. (2006) argued, on the basis of Proterozoic Re^Os model ages for sulfide grains in some garnet lherzolites, that the refertilization of the dunites was a Proterozoic event. However, the zircon data presented here require another refertilization event already in Archean time (2·8^2·9 Ga), not long after the original depletion event (43·0 Ga).
The presence of metasomatic zircon in ultramafic rocks has been documented previously, both from mantlederived peridotite xenoliths (Zheng et al., 2006a (Zheng et al., , 2008 Zhang et al., 2007 ; references therein) and from 'orogenic' peridotite massifs and their enclosed eclogites in UHP terranes (Zheng et al., 2006b, in preparation; Zhang et al., 2009; references therein) . In most reported instances, the peridotitic zircons show distinct age populations related to events in the overlying crust, and a range of trace-element patterns reflecting the compositions of metasomatic fluids that introduced Zr into previously depleted rocks. Figure 8b shows the range of compositions observed by Zheng et al. (in preparation) in zircons extracted from peridotitic rocks of the Sulu UHP belt of eastern China. These zircons show patterns that are similar to those of the Almklovdalen zircons, but span an even larger range of REE^U^Th contents, HREE/LREE and negative Eu anomalies than the Almklovdalen zircons. Based on these geochemical arguments and the fact that no Archean zircons have been found in drainage systems that lack peridotite bodies, we conclude that the Almklovdalen zircons with Archean T DM ages are derived from the peridotites and associated mafic rocks.
Where do the peridotites come from?
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(continued) Ta  0·543  0·567  0·807  2·67  2·506  0·429  0·332  0·484  1·145  6·32  0·471   Pb  44·5  38  409·97  469·15  51·87  20·54  828·91  42·38  263·46  67·16  29·71   Th  43·97  34·87  331·17  133·61  104·29  24·28  30·02  24·3  125·37  128·64  13·45   U  6 1 ·01  40·09  349·18  483·31  97·47  37·35  437·01  22·66  428·76  92·52  33·84 Sample: N4-13-31 N4-13-32 N4-13-33 N4-13-34 N4-13-35 N4-13-36 N4-13-37 N4-13-38 N4-13-40 N4-13-43 N4-13-44 Y  505  854  974  55  296  440  519  1965  457  594  531   Nb  4·34  2·18  8·23  1·46  2·26  1·81  6·47  3·45  2·03 Tb  3·32  5·69  7·92  1·209  2·517  2·64  3·01  20·32  4·34  3·61  3·43   Dy  42·92  71·04  90·45  8·58  28·31  34·65  41·76  217·36  46·11  48·89  45·22   Ho  16·79  27·86  31·22  1·789  9·77  14·86  17·01  69·48  15·34  19·61  17·64   Er  81·95  132·06  138·5  5 ·43  42·87  68·91  86·72  274·61  62·37  93·86  84·13   Tm  18·58  28·54  29·36  0·869  8·67  16·34  20·87  52·3  1 1 ·67  20·39  18·31   Yb  177·83  273·01  284·72  6·27  80·84  161·65  213·68  446·05  103·04  197·53  175·68   Lu  34·86  53·43  54·59  0·965  15·22  32·57  41·3  7 Ce  51·69  14·02  19·59  13·54  12·41  31·71  11·06  26·81  7·37  7·74  27·49   Pr  1·212  0·0804  0·1051  0·087  0·1447  0·181  0·1044  0·1363  0·0601  0·0738  0·0719   Nd  16·31  1·209  1·394  1·195  2·055  2·62  1·155  2·455  1·057  1·566  1·082   Sm  21·15  1·88  3·08  1·93  3·02  4·67  1·456  4·34  2·014  3·68  2·8   Eu  6·73  0·731  0·502  0·658  1·121  0·398  0·744  0·375  0·285  0·693 68·51  88·55  264·57  32·94  122·91  8·39  56·98  215·02   Lu  77·05  2·74  8·58  14·12  17·38  53·68  7·14  24·01  1·364  9·79  41·17   Hf  7547  10685  10685  8904  10006  14331  7462  13483  10770  16366  9582   Ta  0·83  0·539  0·572  0·401  0·536  0·817  0·1382  0·946  0·228  0·858  0·875   Pb  63·03  28·93  93·56  148·24  17·14  26·35  35·11  182·66  38·1  1 8 The peridotites and their associated rocks, on the other hand, are clearly Archean; the U^Pb ages and Hf-isotope model ages of zircons in drainages containing the peridotite bodies concur with the Re^Os and Sm^Nd data in suggesting that the peridotites were generated by extreme partial melting at least 3 Gyr ago, and subjected to metasomatic refertilization by 2·8^2·9 Ga, and probably in later events as well. A few grains may record even older events, back to c. 4·2 Ga. The discordia patterns of the UP b data from the zircons with Archean T DM (Fig. 7a) suggest at least three periods of Pb loss, corresponding to the Gothian, Sveconorwegian and Scandian events recorded by crustal zircons from both Greenland and the WGR.
This similarity in post-Archean thermal history does not necessarily imply that the peridotites have resided in the crust since Gothian time. Re^Os data on sulfides in peridotite xenoliths from cratonic areas show model-age peaks that correspond to events in the overlying crust, suggesting that heat and fluids passed through the lithospheric mantle during these major crustal events. Several studies (Zheng et al., 2006a (Zheng et al., , 2006b (Zheng et al., , 2008 have shown that U^Pb age data on zircons in peridotitic rocks from the lithospheric mantle mirror age spectra in the overlying crust.
If the peridotite massifs represent the lithospheric mantle beneath the Baltica plate, thrust up into the crust during compressional orogeny, we would expect the existence of some overlying Archean lower crust, and we would expect some Archean contribution to the genesis of the widespread Gothian basement gneisses, and/or to Sveconorwegian-age magmas associated with high-T metamorphism. The zircon data presented in this study show no sign of this contribution. Without convincing evidence for the presence of Archean crust in the WGR, we conclude that the mantle-derived peridotites and the juvenile crust in this part of the Baltic Shield are not genetically related.
The most obvious alternative origin for the peridotites is as fragments of the Laurentian mantle, emplaced in the Baltica crust as it was subducted beneath the North American (Laurentian) plate in Scandian time [the 'sinking emplacement' model of Brueckner (1998) ]. Bizzarro et al. (2002) used in situ U^Pb and Hf-isotope analyses of zircons in ancient (3·0 Ga) carbonatites and kimberlites to argue for an ancient depletion^enrichment cycle in the subcontinental lithospheric mantle beneath SW Greenland. They related the enrichment to carbonatite-style metasomatism, and derived a T DM of 3·4 Ga for this metasomatism; this is essentially similar in style and timing to the metasomatic events inferred from the Almklovdalen data presented here and by Beyer et al. (2004) .
The Pb-loss pattern in the peridotite-related zircons appears to suggest a thermal history similar to that of the Baltic crust; however, the same sequence of Gothian and Grenvillian events occurred in the crust of East Greenland (Rex & Gledhill, 1981; Kalsbeek et al., 2000; Thrane, 2002; Leslie & Nutman, 2003; Higgins et al., 2004) . In addition, the ultradepleted character of the peridotite bodies in Almklovdalen and elsewhere in the WGR is mirrored in the peridotitic xenoliths found in West Greenland basalts (Bernstein et al., 1998 (Bernstein et al., , 2006 ; these rocks also give Re^Os model ages !2·9 Ga (HanghÖj et al., 2001) , similar to those derived for the WGR peridotites (Beyer et al., 2004) .
C O N C L U S I O N S
The gneisses that make up the crust of the Western Gneiss area were originally generated during the 1·7^1·5 Ga Gothian orogeny. The Hf-isotope signatures of their zircons are juvenile; there is no evidence, from either inherited zircons or the Hf-isotope data, that Archean crustal materials were involved in the genesis of the gneisses.
The Grenville^Sveconorwegian event that overprinted the Gothian gneisses involved an early stage (1·3^1·1Ga) with significant juvenile additions to the crust, and a later stage (1·1 to 51·0 Ga) in which magmatic rocks were derived largely by remelting of the Gothian basement. Magmas derived during the Sveconorwegian event also show no evidence of Archean contributions.
Zircons with unusual trace-element chemistry, collected from drainages containing mantle-derived peridotite bodies, have Archean U^Pb and Archean Hf model ages; some have had their U^Pb ages partially reset during the Proterozoic and Caledonian thermal events. We interpret these zircons as being derived from the ultramafic bodies, and that they date an Archean refertilization event in the mantle. The absence of any evidence for Archean crust (and hence Archean mantle) beneath southern Baltica leads us to infer that the peridotite massifs represent fragments of the subcontinental lithosphere beneath Laurentia, introduced tectonically into the gneisses during the Caledonian subduction of Baltica beneath the North American plate. 
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